Abstract Background/Aims: Osteoarthritis (OA) is the most frequently occurring joint disease and characterized by degeneration of cartilage. As the unique cell type in cartilage, chondrocytes play a crucial role during OA. Our study explored the influence of long non-coding RNA (lncRNA) growth arrest-specific transcript 5 (GAS5) on lipopolysaccharides (LPS)-induced injury in ATDC5 cells. Methods: Cell viability, apoptosis and expression of inflammatory cytokines were all assessed to evaluate LPS-induce inflammatory injury. Expression of GAS5 in LPS-induced cells was evaluated by qRT-PCR. After cell transfection, effect of abnormally expressed GAS5 on LPS-induced inflammatory injury was determined. Then, the possible target of GAS5 was screened by bioinformatics and verified by qRT-PCR and luciferase activity assay. Together, whether aberrant expression of target gene affected the modulation of GAS5 in LPS-induced inflammatory injury was also assessed. Finally, the influences of aberrant expressed Kruppel-like factor 2 (KLF2) on nuclear factor κB (NF-κB) and Notch pathways were detected by Western blot analysis. Results: LPS reduced cell viability and promoted cell apoptosis and secretion of inflammatory cytokines, along with down-regulation of GAS5. LPS-induced injury was alleviated by GAS5 overexpression while was exacerbated by GAS5 silence. KLF2 was predicted and verified as a target of GAS5, and GAS5 functioned through regulating expression of KLF2. Besides, aberrant expression of KLF2 regulated expressions of key kinases involved in the NF-κB and Notch pathways. Conclusion: GAS5 might ameliorate LPS-induced inflammatory injury in ATDC5 chondrocytes by inhibiting the NF-κB and Notch signaling pathways.
Introduction
Osteoarthritis (OA), characterized by degradation of articular cartilage, appears to affect over 43 million people around the world, 63% of whom are 60 years of age or older [1, 2] . As the most common form of arthritis, OA is related to a myriad of risk factors, such as ageing, obesity, acetabular dysplasia and genetics [3] [4] [5] . Patients with OA suffer from joint pain, transient stiffness, joint crepitus, periarticular tenderness, swelling and limitation of joint function, which might lead to difficulty performing activities of daily living [6, 7] . Due to OA is considered as an untreatable disease, modern therapeutic strategies are focused on alleviation of pain and improvement of joint function [8, 9] . In terms of sever symptomatic OA, joint replacement surgery is the common treatment, resulting in loss of joint function [10] . In view of the limited and poor outcomes of current treatment for OA, novel and effective strategies are terribly needed.
Long non-coding RNAs (lncRNAs), whose length is greater than 200 nucleotides, are once identified as the genomic "dark matter" [11] . However, more and more investigations have surprisingly discovered that vast numbers of lncRNAs are involved in major pathologies, including OA. A previous study stated that lncRNAs is correlated with cartilage injury and plays a pivotal role in OA pathogenesis [12] . Another study has implied that nearly 107 lncRNAs are aberrantly expressed in damaged cartilage compared with intact cartilages, suggesting a potential role of lncRNAs in OA [13] . On the other hand, the lncRNA growth arrest-specific transcript 5 (GAS5), encoded at chromosome 1q25.1, is down-regulated in multiple cancers, including hepatocellular carcinoma and breast cancer [14] [15] [16] . GAS5 has a tumor suppressor role since this lncRNA promotes apoptosis and suppresses proliferation of multiple cancer cells [15] . However, the biological role of GAS5 in OA has not yet been well studied.
On account of current investigations, OA is a multifactorial condition involving the entire joint, containing cartilage, meniscus, subchondral bone, ligaments, capsule and synovium. Among them, cartilage deterioration is considered as the common endpoint of OA phenotypes [17] . Chondrocytes, the sole cell type in cartilage could strictly control the architecture and biochemical composition of cartilage. Besides, chondrocytes secrete enzymes under stimulation of catabolic cytokines from other tissues, leading to enzymatic degradation of cartilage matrix [18] . Thus, chondrocytes play essential roles in OA. ATDC5 cells possess phenotype of chondrocytes and are easily proliferated, thus this cell line is widely used for studies of OA [19] . Collectively, in our study, ATDC5 cells were used as an in vitro model of OA in which the functional role of GAS5 was explored. Furthermore, the underlying mechanism and possible signaling pathways involved were also studied.
Materials and Methods

Cell culture and treatment
Murine chondrocytic ATDC5 cell line was obtained from RIKEN Cell Bank (Tsukuba, Japan). ATDC5 cells were cultured in Dulbecco's Modified Eagle's Medium/Ham's F-12 (DMEM/F-12) containing 5% fetal bovine serum (FBS) and 1% antimycotic/antibiotic (all from Invitrogen, Carlsbad, CA, USA) in a humidified incubator with 5% CO 2 at 37°C. ATDC5 cells that originated from passage 5 th to 10 th were maintained in growth medium in 75-cm 2 flasks. Culture medium was exchanged every 3 days until cells reached 80-90% confluence. The cells used for all the experiments were no more than passage 10. For the stimulation of lipopolysaccharide (LPS), the culture medium was replaced by DMEM/F-12 containing various doses of LPS (1, 5, 10 μg/mL; Sigma, St. Louis, MO, USA), and the cell culture was persisted for 12 h.
Cell Counting Kit-8 (CCK-8) assay
Cell viability was measured by CCK-8 assay following the instructions of manufacturer (Dojindo Molecular Technologies, Gaithersburg, MD, USA). In brief, cells with a density of 5 × 10 3 cells/well were seeded in 96-well plates and cultured at 37°C. After treatments, 10 μL of CCK-8 solution was added to each Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry well, and the mixture was incubated for an additional 1 h at 37°C in a humidified incubator with 95% air and 5% CO 2 . The optical density was read at 450 nm using a Microplate Reader (Bio-Rad, Hercules, CA, USA).
Cell apoptosis assay
Cell apoptosis was assessed by a flow cytometry with Annexin V-FITC Apoptosis Detection Kit (Invitrogen, Grand Island, NY, USA) according to the supplier's protocol. Briefly, cells were treated with 0.025% trypsin and washed with phosphate buffered saline (PBS). Then, cells were collected and resuspended with binding buffer, followed by staining with 5 μL Annexin V-FITC and 5 μL propidium iodide (PI) in the dark for 15 min. Percentage of apoptotic cells was evaluated after determination by a FACS can (Beckman Coulter, Fullerton, CA, USA) and analysis by the FlowJo software (Treestar, Ashland, OR, USA).
Quantitative reverse transcription PCR (qRT-PCR)
Total RNA of treated cells was extracted using Trizol reagent (Life Technologies Corporation, Carlsbad, CA, USA) on the basis of the manufacturer's protocol. For the quantitative analysis of GAS5, the One
Step SYBR ® PrimeScript ® PLUS RT-RNA PCR Kit (TaKaRa Biotechnology, Dalian, China) was used. For the detection of expression levels of genes, total RNA was reversely transcribed by using the Taqman MicroRNA Reverse Transcription Kit (Applied Biosystems, Foster City, CA, USA), and the generated cDNA was acted as template for quantitative analysis using Taqman Universal Master Mix II (Applied Biosystems) in line with the supplier's protocol. Primers used were designed and synthesized by Sangon Biotech Co., Ltd. (Shanghai, China). The relative expression levels were calculated according to the 2 −ΔΔCt method [20] , and fold changes of GAS5 and various genes were normalized to the expression levels of GAPDH.
Cell transfection
Short-hairpin RNA directed against murine GAS5 was ligated into the pGPU6/Neo plasmid (GenePharma, Shanghai, China) to generate sh-GAS5. The plasmid carrying a non-targeting sequence was used as a negative control (NC) of sh-GAS5, which was referred to as shNC. The full-length of GAS5 sequence and Kruppel-like factor 2 (KLF2) sequence were respectively sub-cloned into pEX-2 plasmid to generated pEX-GAS5 and pEX-KLF2. The empty pEX-2 plasmid was used as NC of pEX-GAS5 or pEX-KLF2, which was referred to as pEX. After sequencing, these plasmids were respectively transfected into ATDC5 cells by using lipofectamine 3000 reagent (Life Technologies Corporation) on the basis of the manufacturer's instructions. Stable transfected cells were obtained after approximately four weeks' selection with G418 (0.5 mg/ mL; Sigma). Small interfering (si) RNA targeting KLF2 (si-KLF2) and its NC (si-NC) were synthesized by GenePharma (Shanghai, China) and transfection of siRNA was also performed with lipofectamine 3000 reagent. Considering that the highest transfection efficiency was occurred at 48 h, the cells transfected with siNRAs were harvested at 72 h post-transfection for the subsequent experiments.
Luciferase reporter assay
The fragment from wild-type KLF2 containing predicted sequences which were complemented with seed sequence of GAS5 was amplified and sub-cloned into a pmirGlO Dual-luciferase reporter vector (Promega, Madison, WI, USA), and the resultant vector termed KLF2-WT. After sequencing, the recombined KLF2-WT was mutated by using Directed Mutagenesis System (Invitrogen) and the resultant vector termed KLF2-Mut. Subsequently, ATDC5 cells were co-transfected with KLF2-WT or KLF2-Mut and pEX-GAS5 or pEX using lipofectamine 3000 reagent. Meantime, pRL-TK plasmid (Promega) containing renilla gene was also transfected into cells acting as internal control. The luciferase activity was detected by using DualLuciferase Reporter Assay System (Promega) following the supplier's protocol.
Enzyme-linked immunosorbent assay (ELISA)
ATDC5 cells were seeded on 24-well plates and cultured at 37°C. After treatments, the culture supernatant was collected for measurement of inflammatory cytokines. Mouse ELISA kits for tumor necrosis factor-α (TNF-α; SMTA00B), interleukin (IL)-1β (SMLB00C) and IL-6 (SM6000B) were purchased from R&D Systems (Abingdon, UK), and mouse IL-8 ELISA kit (MBS814587) was obtained from My Bio Source (San Diego, CA, USA). Estimation of these inflammatory cytokines was performed on the basis of protocols supplied by manufacturers. Western blot analysis After indicated treatments, ATDC5 cells were washed with pre-cold PBS and lysed in RIPA buffer (Beyotime Biotechnology, Shanghai, China) supplemented with protease inhibitors (Applygen Technologies Inc., Beijing, China). Samples containing equivalent proteins were resolved on 10% sodium dodecylsulfatepolyacrylamide gels and transferred to polyvinylidene difluoride (PVDF) membranes (Millipore, Billerica, MA, USA). Then, the membranes were blocked with 5% nonfat milk for 1 h at room temperature, washed with Tris-buffered saline with 0.1% Tween 20 (TBST) and incubated with primary antibodies against B cell lymphoma-2 (Bcl-2, ab196495), Bcl-2-associated X protein (Bax, ab182733), pro caspase-3 (ab44976), cleaved caspase-3 (ab49822), proliferating cell nuclear antigen (PCNA, ab18197), Cyclin A2 (ab137769), Cyclin E1 (ab52189), Cyclin-dependent kinase (CDK) 2 (ab32147), Cyclin D1 (ab134175), CDK4 (ab137675), p65 (ab16502), phospho-p65 (ab194726), inhibitor of nuclear factor κB α (IκBα, ab32518), phospho-IκBα (p-IκBα, ab133462), Notch1 (ab52627), Notch2 (ab137665), Notch3 (ab23426), GAPDH (ab181603) (all from Abcam, Cambridge, UK), pro caspase-9 (9504) or cleaved caspase-9 (9509) (both from Cell Signaling Technology, Beverly, MA, USA) at 4°C overnight. Thereafter, the membranes were rinsed with TBST, probed with a secondary antibody conjugated with horseradish peroxidase for 1 h at room temperature, rinsed with TBST again and transferred into the Bio-Rad ChemiDoc™ XRS system. The immunoreactive bands were visualized after addition of 200 μL Immobilon Western Chemiluminescent HRP Substrate (Millipore). The images of bands on the membranes were collected using Image Lab™ software (Bio-Rad, Hercules, CA, USA).
Statistical analysis
All experiments were repeated three times. The results of the multiple experiments are presented as the mean ± standard deviation (SD). Statistical analysis was performed using Graphpad Prism 5 software (GraphPad, San Diego, CA, USA). The P-values were calculated using the one-way or two-way analysis of variance (ANOVA), or unpaired two-tailed t-test. A P-value of <0.05 was considered to indicate a statistically significant result.
Results
Construction of cell model of LPS-induced inflammatory injury
LPS was used to induce inflammatory response in ATDC5 cells. To ascertain the appropriate concentration of LPS, ATDC5 cells were stimulated with various doses of LPS, followed by assessment of cell viability and apoptosis. Compared with untreated cells, cell viability was significantly reduced by stimulation of 5 μg/mL LPS (P < 0.01) and 10 μg/mL LPS (P < 0.001) in Fig. 1A . Moreover, percentage of apoptotic cells was gradually enhanced with the increase of LPS concentration, showing significant increase in cells incubated with 5 μg/mL LPS (P < 0.001) and 10 μg/mL LPS (P < 0.0001) compared with untreated cells in Fig. 1B . Likewise, the expression of anti-apoptotic Bcl-2 was obviously lowered by LPS stimulation (5 and 10 μg/mL), and the alteration of proteins including Bax, active caspase-9 and active caspase-3 was just the opposite under induction of LPS (Fig. 1C) . Thus, the suitable concentration of LPS for subsequent experiments was 5 μg/mL. After stimulation of 5 μg/mL LPS, mRNA and protein expression levels of TNF-α, IL-1β, IL-6 and IL-8 were all markedly increased by LPS induction compared with untreated cells (P< 0.01 or P < 0.001, Fig. 1D-1E ). Taken together, in vitro cell model of LPS-induced inflammatory injury in ATDC5 cells was successfully constructed.
LPS down-regulates GAS5 in ATDC5 cells
To explore the alteration of GAS5 expression in ATDC5 cells with LPS-induced inflammatory injury, qRT-PCR was performed. In Fig. 2 , the GAS5 expression was significantly down-regulated by LPS stimulation compared with control group (P < 0.01).
LPS-induced injury is alleviated by GAS5 overexpression but aggravated by GAS5 knockdown
Different plasmids were transfected into ATDC5 cells to change the expression of GAS5. In Fig. 3A , GAS5 was markedly up-regulated by transfection with pEX-GAS5 compared with Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry cells transfected with pEX (P < 0.01). Meantime, GAS5 was significantly down-regulated by transfection with sh-GAS5 compared with cells transfected with shNC (P < 0.01), indicating that GAS5 was aberrantly expressed after transfection. Then, the cell viability, apoptosis and inflammatory response of transfected cells were assessed after LPS induction. Cell viability was remarkably increased by GAS5 overexpression when compare to the pEX group after LPS induction (P < 0.05, Fig. 3B ). The followed Western blot assay showed expressions of PCNA, cyclin A2, cyclin E1, CDK2, cyclin D1 and CDK4 were all observably increased by GAS5 overexpression compared with pEX group after LPS induction (Fig. 3C) . Cell apoptosis presented an obvious decrease in GAS5 overexpressed cells compared with the pEX group after LPS induction (P < 0.05, Fig.  3D ). Analogously, the Bcl-2 was upregulated and Bax, active caspase-9 and active caspase-3 were downregulated in GAS5 overexpressed cells (Fig. 3E) . Moreover, the mRNA and protein expression levels of TNF-α, IL-1β, IL-6 and IL-8 were all markedly reduced by GAS5 overexpression compare with the pEX group (P < 0.05, Fig. 3F-3G ). The influence of GAS5 silence on ATDC5 cells was opposite to GAS5 overexpression. All the results suggested that LPS-induced injury was alleviated by GAS5 overexpression but aggravated by GAS5 knockdown.
GAS5 positively regulates KLF2 expression and KLF2 is a target of GAS5
With the help of bioinformatics analysis, KLF2 is predicted to be a target of GAS5. KLF2 expression was then estimated in ATDC5 cells which aberrantly expressed GAS5. In Fig.  4A , KLF2 was markedly up-regulated by GAS5 overexpression but was down-regulated by GAS5 silence when compared with the respective controls (both P < 0.05). Additional experiments showed that luciferase Cell apoptosis by flow cytometry. C. Expression of apoptosis-associated proteins by Western blot analysis. D. Relative mRNA expression levels of inflammatory cytokines by qRT-PCR. E. Protein expression levels of inflammatory cytokines by enzyme-linked immunosorbent assay. Concentration of LPS in D-E was 5 μg/mL. Data presented are the mean ± SD of at least three independent experiments. **, P<0.01; ***, P<0.001; ****, P<0.0001. Bcl-2, B cell lymphoma-2; Bax, Bcl-2-associated X protein; P-caspase-3, pro caspase-3; C-caspase-3, cleaved caspase-3; P-caspase-9, pro caspase-9; C-caspase-9, cleaved caspase-9; TNF-α, tumor necrosis factor-α; IL, interleukin. 
GAS5 functions through regulation of KLF2 in LPS-induced injury
After transfection with pEX-KLF2, KLF2 expression was obviously enhanced compared with the pEX group (P < 0.01, Fig. 5A ). Meantime, si-KLF2 significantly lowered KLF2 expression compare with cells transfected with si-NC (P < 0.01, Fig. 5A ). Therefore, KLF2 could be successfully overexpressed or knocked down after transfection. After that, cell viability, apoptosis and inflammatory response were all assessed after co-transfected with different plasmids and siRNAs. Results in Fig. 5B-5G showed all the effects of GAS5 overexpression on E. Expression of apoptosisassociated proteins by Western blot analysis. F. Relative mRNA expression levels of inflammatory cytokines by qRT-PCR. G. Protein expression levels of inflammatory cytokines by enzyme-linked immunosorbent assay. Concentration of LPS was 5 μg/ mL. Data presented are the mean ± SD of at least three independent experiments. *, P<0.05; **, P<0.01; ***, P<0.001. GAS5, Growth arrest-specific transcript 5; LPS, lipopolysaccharide; pEX, empty pEX-2 plasmid; pEX-GAS5, pEX containing full length of murine GAS5 sequence; sh-GAS5, pGPU6/ Neo plasmid containing short-hairpin RNA directed against GAS5; shNC, pGPU6/ Neo plasmid carrying a nontargeting sequence; Bcl-2, B cell lymphoma-2; Bax, Bcl-2-associated X protein; P-caspase-3, pro caspase-3; C-caspase-3, cleaved caspase-3; P-caspase-9, pro caspase-9; C-caspase-9, cleaved caspase-9; PCNA, proliferating cell nuclear antigen; CDK, Cyclin-dependent kinase; TNF-α, tumor necrosis factor-α; IL, interleukin.
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ATDC5 cells with LPS-induced inflammatory injury could be reversed by KLF2 inhibition. Taken together, we drew a conclusion that GAS5 affected ATDC5 cells by regulation of KLF2 expression.
KLF2 overexpression inactivates the nuclear factor κB (NF-κB) and Notch pathways
To reveal the underlying mechanisms of GAS5-associated regulations, the effect of aberrantly expressed KLF2 on signaling pathways were investigated. Phosphorylated levels of p65 and IκBα as well as expressions of Notch1, Notch2 and Notch3 were notably increased by LPS stimulation (Fig.  6A-6B ). These LPS-induced increases were further enhanced by KLF2 silence but were reversed by KLF2 overexpression. The results suggested that NF-κB and Notch pathways were involved in the modulation of GAS5 in ATDC5 cells.
Discussion
As a chronic degenerative joint disease, OA troubles millions of people worldwide and becomes a leading cause of disability in the aged people. Currently, there is no curative treatments for OA, thus more studies are still needed to explore novel therapeutic targets for OA. Herein, we used LPS to construct in vitro cell model of inflammatory injury. Then, we interestingly found GAS5 was downregulated in ATDC5 cells with inflammatory injury. After transfection and LPS stimulation, LPS-induced injury could be alleviated by GAS5 overexpression but exacerbated by GAS5 knockdown. Through bioinformatics, KLF2 was hypothesized to be a target of GAS5, which was further verified by luciferase activity assay. All the influence of GAS5 overexpression on LPS-induced injury could be reversed by inhibition of KLF2. Moreover, up-regulated KLF2 blocked LPS-induced activations of the NF-κB and Notch pathways, and on the contrary, the down-regulated KLF2 activated these two pathways.
Mechanical load and/or micro-injury or obvious injury as well as aging are main players in inducing OA [21, 22] . Under pathological conditions, chondrocytes overexpress pro-inflammatory cytokines in response to the mechanical or biochemical stresses [23] . Moreover, OA is reported as an inflammatory disease and local production of inflammatory cytokines contributes to the degradation of cartilage [24] . Thus, as a soluble factor provoking an inflammatory response in multiple cell types [25] , LPS was used to construct in vitro cell model to mimic a process that might occur in human OA. Different from "injury" caused by mechanical load or aging, the LPS-induced injury is secondary to the primary impulse initiating OA. Therefore, our study investigated the mechanisms of established OA. The decreased cell viability, enhanced cell apoptosis and up-regulated expression of proinflammatory cytokines including TNF-α, IL-1β, IL-6 and IL-8 suggested that cell model of inflammatory injury was successfully constructed.
The attention on GAS5 is mostly addressed in the cancer field, in which GAS5 is reported as a tumor suppressor [26] . For OA, the related literatures are limited. Song et al. once stated GAS5 was up-regulated in OA chondrocytes and promoted cell apoptosis [27] . Conversely, we To specific the role of GAS5 in ATDC5 cells with inflammatory injury, we aberrantly expressed GAS5 and then incubated the transfected cells with LPS. The results illustrated that LPSinduced alterations of cell viability and apoptosis were alleviated by GAS5 overexpression while were exacerbated by GAS5 silence. During DNA replication and repair, PCNA forms a molecular sliding clamp on DNA making it become a marker for proliferation [28] . Cyclin A2 and cyclin E1 could bind to CDK2 and then phosphorylates proteins involved in DNA synthesis [29] . Cyclin D1 activates CDK4 and associates with activation of CDK2 to promote transition from G1-phase to S-phase, resulting in initiation of DNA replication [30] . In our study, all these proliferation-associated proteins were obviously up-regulated by GAS5 overexpression in LPS-induced ATDC5 cells, partially explaining the change of cell viability. The decrease of Bax/Bcl-2, active caspase-9 and active caspase-9 by GAS5 overexpression in LPS-induced ATDC5 cells partially interpreted the change of cell apoptosis. Moreover, the expression levels of TNF-α, IL-1β, IL-6 and IL-8 were all notably lowered by GAS5 overexpression, suggesting that the LPS-induced inflammatory injury was relieved. Through bioinformatics method, the target genes of GAS5 were screened. Among these targets, KLF2 is a member of zinc-finger family of transcription factors. Das Hiranmoy et al. discovered that KLF2 modulates pro-inflammatory activation of monocytes [31] . More recently, the arthritis in KLF2 hemizygous mice were more serious compared with wild type controls [32] . Thus, we then focused on the relationship between KLF2 and GAS5. Through estimation of KLF2 mRNA expression in ATDC5 cells which abnormally expressed GAS5, we found KLF2 was positively correlated with GAS5. Further luciferase reporter assay proved that KLF2 was a target of GAS5. In addition, we co-transfected si-KLF2 into GAS5 overexpressed ATDC5 cells and interestingly discovered that KLF2 inhibition could reverse the effect of GAS5 overexpression on LPS-induced inflammatory injury. The results suggested GAS5 functioned through modulation of KLF2, consolidating that KLF2 was a target of GAS5.
NF-κB is a potential therapeutic target in OA and several molecules are proved to prevent inflammatory response in human OA chondrocytes through inactivating the NF-κB pathway, such as tenuigenin [33] and tetrandrine [34] . On the other hand, the Notch pathway is identified to participate in joint cartilage maintenance and OA [35] . Herein, we explored the activation of the NF-κB and Notch pathways in ATDC5 cells after cell transfection and LPS stimulation. Under stimulation of LPS or pro-inflammatory cytokines, IκBα is phosphorylated and splits from p65. The resulted p65 is phosphorylated and thereby controls the expression of multiple inflammatory cytokines [36] . An immunohistochemical study used human cartilages suggested that the Notch signaling pathway is activated during OA, along with elevated expression of Notch1, Notch2 and Notch3 compared with normal samples [37] . In our present study, the phosphorylation of p65 and IκBα as well as expression of Notch1, Notch2 and Notch3 was enhanced after LPS stimulation, suggesting that these two related pathways were activated under LPS induction. Additionally, the alteration induced by LPS was aggravated by KLF2 silence while was ameliorated by KLF2 overexpressed in ATDC5 cells, suggesting the potential involvements of the NF-κB and Notch pathways in modulation of GAS5 in chondrocytes.
Collectively, we interestingly identified GAS5 was down-regulated under LPS stimulation and GAS5 overexpression was proved to alleviate LPS-induced inflammatory injury. GAS5 might function through regulating KLF2 expression, involving inhibition of the NF-κB and Notch pathways. This study illustrated a molecular mechanism of GAS5/KLF2 axis in chondrocytes. More detailed interactions between these two pathways and the modulation of GAS5 in OA treatments are needed to be further explored.
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